of patients with IBS and diarrhea-predominant IBS (IBS-D) have been hindered by a lack of well validated symptom severity scales that meet current standards for patient-reported outcome (PRO) instruments 2,3 and a reliable biologic marker for IBS. 4 In turn, this presents a challenge for development of optimal study designs and endpoints for clinical trials assessing drug impact on IBS, 4 thereby hindering development of drugs that provide benefit to patients.
A patient-reported instrument for IBS-D has recently been developed and validated 5, 6 in line with the guidance from the US Food and Drug Administration (FDA) with respect to development of both PROs and drugs to treat IBS. 2, 3 The instrument is a PRO measure that includes a seven-item IBS-D Daily Symptom Diary (hereafter referred to as the Diary), in which patients record the severity of symptoms over the previous 24 h, and a four-item IBS-D Symptom Event Log (hereafter referred to as the Event Log), which is completed following each bowel movement to assess information regarding individual bowel movements. 5 The 'Diary' collects information on abdominal pain, stomach pain, abdominal cramps, abdominal bloating, frequency of gas and accidents; and the 'Event Log' on each individual bowel movement, the immediacy of need, and the consistency of the bowel movement. It was developed by a multidisciplinary research team for use as a clinical trial endpoint in IBS-D and its content validity was evaluated during development using five qualitative research studies. 6 Evidence from another observational study supported an initial evaluation of the psychometric properties of the instrument. 7 In this article, we report additional analyses using data from a patient population in an interventional clinical trial to further evaluate the psychometric properties of the instrument in the specific context of a clinical trial population. In particular, we evaluated clinical validity (known groups analysis), responsiveness (ability to detect change), quality of completion, testing of test-retest reliability and evaluation of construct validity through examining floor and ceiling effects and inter-item correlations, and the interpretation of scores in the context of clinically important change (responder definition).
The psychometric results obtained from both the standard standalone psychometric study 7 and the LX1033 negative phase II data reported in this manuscript were evaluated by clinician experts in the field of IBS. This is the first IBS-D specific patient-reported outcome (PRO) developed in accordance with the US FDA PRO guidance to be used in an interventional study. This tool measures all concepts that are clinically relevant and important to patients in a manner that patients understand and can respond to, such as abdominal pain, bowel function, and bloating.
The experts' review of the findings and recommendation was considered in the context of the data generated during the development of the new instrument, including the LX1033 phase II clinical study. This is the third in a series of papers describing the development and validation of a new measure of disease-specific symptom severity for IBS-D. This paper provides new data from a phase II multicenter, randomized, double-blind, placebo-controlled, multiple-dose study to determine efficacy and safety in patients with IBS-D. In this interventional study the qualitative results were supported and psychometric findings were replicated, the validity of the PRO instrument showed good test-retest reliability and good separations of groups differing in self-reported symptom severity.
Materials and methods

IBS-D Symptom Diary and Event Log
Details of the development of the Diary and Event Log have been described previously. [5] [6] [7] Briefly, the initial development of the instrument involved several iterative rounds of in-depth qualitative research, including concept elicitation focus groups and cognitive interviews to support evaluation of content validity. This qualitative research involved the identification, clarification, and refinement of items, instructions, and response scales to assess symptom concepts such as diarrhea, immediacy of need, bloating/pressure, among others. 6 In the Marquis (2014) paper, 6 in which the qualitative assessment of the Bristol Stool Form Scale (BSFS) and an adapted BSFS was tested in the IBS-D population, it was found that patients' spontaneous descriptions of stool form and consistency did not optimally correspond with those of the two stool scales tested, one of which is mostly widely used in this setting. A new stool form and consistency scale applicable to IBS-D in the clinical setting was developed and cognitively tested. 8 The final seven-item Diary includes items assessing abdominal pain, stomach pain, abdominal cramps, abdominal pressure, bloating, frequency of passing gas, and bowel control (see Appendix Figure A ). The response option for pain, cramps, and bloating is a 0-10 numerical rating scale ranging from 0 (low severity) to 10 (high severity). Frequency of passing gas is rated on a five-point verbal descriptor scale ranging from 'None of the time' to 'All of the time'. Response categories for the daily diary used an 11-point numeric rating scale to assess severity; while the event log used a five-point or six-point ordinal (Likert-type) scale to assess the number of times the bowel movement occurred. 6 The item for bowel control (accidents) requires a dichotomous 'yes/no' answer. Items thought to be more accurately and reliably recorded at the time of occurrence were included in the Event Log (see Appendix Figure B ). This included the date and time of occurrence, immediacy of need (on a five-point scale from 'No immediate need' to 'Extreme immediate need'), stool consistency (measured with the Astellas Stool Form Scale (ASFS)), and a dichotomous 'yes/no' item for incomplete bowel evacuation.
Study population
The instrument was included as an exploratory endpoint in a phase II, multicenter, randomized, double-blind, placebo-controlled, multiple-dose clinical trial involving 434 patients with IBS-D 9 [ClinicalTrials.gov identifier: NCT01494233]. The trial design consisted of four periods: a screening period (approximately 2 weeks), a runin period (15-20 days), the blinded treatment period (28 days), and the follow-up period (14 days) ( Figure 1 ).
During the run-in period, patients were allowed rescue medication: two or fewer doses of up to 4 mg each of loperamide per week, and previous doses of bulking agents (psyllium products, fiber tablets) with a stable regimen (no significant change within the prior 3 months). Eligible patients were randomized 1:1:1:1 to receive one of three doses of LX1033 [an investigational drug; 1000 mg twice daily (n = 90); 500 mg three times daily (n = 90); 500 mg twice daily (n = 90)], or matching placebo (n = 90) for 28 days. The study was conducted in accordance with the Declaration of Helsinki, Good Clinical Practice, International Conference on Harmonization guidelines and all applicable laws and regulations. All procedures were approved by appropriate central or local institutional review boards that provided ethical oversight for the study and all participating patients provided written informed consent.
Eligible patients were men and women aged from 18 to 70 years, diagnosed with IBS-D based on the following criteria:
(1) Fulfilment of Rome III criterion for at least 3 months with symptom onset for at least 6 months prior to diagnosis. (2) Recurrent abdominal pain or discomfort (the latter defined as an uncomfortable sensation not described as pain) for at least 3 days/month during the last 3 months associated with two or more of the following: improvement with defecation, onset associated with an increased frequency of stool, and onset associated with a change in form (appearance) of stool (i.e. loose/ watery) for at least 2 days per week with at least one stool that had a consistency of type 6 or 7 on the BSFS 10 for each of the 2 weeks during the run-in period. Exclusion criteria included the inability to discontinue any current drug therapy for IBS (except bulking agents) for 14 days immediately prior to the run-in period, during the run-in period, and for the duration of the study; an abdominal pain score rated at least 7 for more than 5 days/week during the run-in period; and concomitant use of opioid analgesics, or other drugs that specifically affect bowel motility, unless otherwise specified in the protocol.
Assessments
The schedule of assessments from the clinical trial protocol is shown in Table 1 . All patients submitted paper diary recordings for the run-in, treatment, and follow-up periods or until early discontinuation. In addition to Diary and Event Log assessments, patients were also required to complete the IBS Patient Global Impression of Change (IBS PGI-C; weekly) and IBS Patient Global Impression of Severity (IBS PGI-S; weekly). The IBS PGI-C is a single-item rating scale that asks patients, 'Compared to the way you felt before you entered the study, have your IBS symptoms over the past 7 days been: (1) "Substantially worse"; (2) "Moderately worse";
(3) "Slightly worse"; (4) "No change"; (5) "Slightly improved"; (6) "Moderately improved"; or (7) "Substantially improved".' The IBS PGI-S is a single-item rating scale that asks patients 'Please rate your IBS symptoms for the past 7 days on a scale of 0-10, with 0 representing no symptoms and 10 the worst symptoms imaginable.'
In addition to the IBS PGI-S, two versions of the IBS Patient Global Impression of Change (PGI-C) were completed during this study: one that assessed change since the previous day at day 15 (PGI-C-Day) and another that asked patients to rate how the past week compared with the first week on the study at end of the study (PGI-C-Week).
Analyses
For analyses of known group comparisons, all eligible patients (without regard to treatment assignment) who completed the patient questionnaires on the first and last day of the 14-day run-in period and had recorded data for at least 10 days during that period were included in the cross-sectional analysis population.
For the Diary items, symptom summary scores were created as the mean of responses to items one to five of the Diary (abdominal pain, stomach pain, abdominal cramps, abdominal pressure, and bloating; 'frequency of gas' item not included). In addition, four-item (stomach pain omitted) and three-item (stomach pain and bloating omitted) summary scores were also assessed. All three summary scores were included in analyses to provide insights regarding the relative validity of each summary score to help identify which item grouping was most informative. Scoring was conducted via a multifaceted approach, using qualitative data, psychometric analysis, item response theory, and review by experts. Items excluded from scoring were not removed from the algorithm.
Quality of completion was assessed for the Diary, and missing responses were described for days 1-15 on all questionnaires received. This included the number and percentage of missing items per patient and missing response per item, and number of patients with at least one missing item. For the Event Log, missing responses were described Table 1 . for day 1 and day 15 for all bowel movements reported (i.e. all bowel movements for which a date is indicated in the Event Log) and included the number and percentage of missing items per bowel movement and missing response per item, as well as the number of bowel movements with at least one missing item. No imputation was conducted.
Three test-retest reliability analyses were performed: daily scores were tested between days 14 and 15, using patients classified as stable by the PGI-C Day; weekly scores were tested for day 1-7 to day 22-28, using patients defined as stable based on their response to the PGI-C Week; and patients with equivalent PGI-S on any two of the five PGI-S days were used to assess test-retest reliability (see Table 1 for the schedule of assessments). This approach was used to potentially increase the number of stable patients in the analyses. Test-retest reliability was evaluated between the scores collected from the two days that patients had the same PGI-S.
Floor and ceiling effects were investigated for each score. For item scores, an item was considered to have a ceiling effect if the percentage of responses in the highest response category was over 100/ (number of response options on an item); and a floor effect if the percentage of responses in the lowest response category was over 100/(number of response options on an item).
Inter-item correlations were evaluated among the items of the IBS-D Daily Symptom Diary at day 1 and week 1. The content of items that correlated extremely highly with one another (>0.80) was reviewed as the items may have been so similar in content that they were capturing redundant information.
Evaluation of known group validity involved a cross-sectional comparison of scores on an instrument among groups that would be expected to differ in the constructs being assessed. 11 To aid future interpretation of the IBS-D Daily Diary and Event Log scores, one anchor-based and two distribution-based approaches were used to help understand the level of change that would be considered clinically important. 12 In the anchor-based analysis, changes in the IBS PGI-S scores and the IBS PGI-C scores were used to define change groups. A minimal important difference was defined as a one-grade reduction on the IBS PGI-S scores from run-in week 2 to treatment week 4, or a response of 'Slightly improved' on the IBS PGI-C. In addition, and as a sensitivity analysis, a response of 'Moderately improved' on the IBS PGI-C was also analyzed. In the first distribution-based method, a 0.5 standard deviation (SD) was used as the threshold for a minimally important difference. 12, 13 In the second distribution-based approach, we used the standard error of measurement (SEM), 14 calculated as:
SEM = SD at baseline 1-reliability ×
[reliability was defined as the intraclass correlation coefficient (ICC) between run-in week 2 and treatment week 1 in patients with no change in IBS PGI-S scores between day 1 and treatment week 1].
Results
A total of 434 patients were included in the study. Patient demographics are shown in Table 2 .
Quality of completion
The quality of completion for the IBS-D Daily Symptom Diary met acceptability criteria, with less than 5% of responses missed by patients on any one day of the 14-day run-in period, and less than 10% of patients missing one or more items on any one day of week 1 or week 2 of the run-in period.
Floor and ceiling effects
Between 12% and 18% of subjects reported symptoms at the floor of measurement at day 1 and day 15, except for 'Frequency of gas' (5-8%), and between 1% and 2.5% of subjects reported symptoms at the ceiling of measurement, except for 'Frequency of gas' (4% at day 1 and 1.5% at day 15). Floor effects are less of a concern in this instance as they represent absence of a symptom on that given day, which is characteristic of the disease, in particular, flare fluctuations seen with IBS-D. Therefore, these levels of floor and ceiling effects are considered acceptable and not of concern. For future trials, patients with more severe ratings on average should be considered if a target effect is desired.
Inter-item correlations
With the exception of correlations with the 'Frequency of gas' item, moderate to high interitem correlations were observed among all items: day 1 (range 0.674-0.904). The inter-item correlations were highest between items measuring severity of abdominal and stomach pain (r = 0.904 for the daily report at day 1 and 0.942 for the week 1 mean score), suggesting potential redundancy for those two items in particular, as patients consider these two items to be the same, although abdominal pain, cramps, and pressure need further investigation. 7 These two items were also correlated at over 0.80 with abdominal cramps and abdominal pressure for both day 1 and the week 1 mean scores. The results indicate that the items assessing gas and stomach pain should be omitted when using the instrument in future clinical trials.
Test-retest reliability
All symptom items on the IBS-D Daily Symptom Diary except 'Frequency of gas' met the threshold for test-retest reliability (ICC ⩾ 0.70; range 0.778-0.834). For the Symptom Event Log, the mean number of events also met or surpassed the threshold of 0.70; however, mean immediacy, consistency, and emptying scores did not, as these symptoms are highly variable. 7 IBS PGI-S. The IBS PGI-S scores were grouped as '0-3' (least severe), '4-6', and '7-10' (most severe). Scores for all items on both the Diary and Event Log were higher among patients of higher IBS severity levels at weeks 1 and 4 of the treatment period, with statistically significant differences (p < 0.001) in the scores among all the groups, except for 'Frequency of gas' at week 1 [ Figure 2(a, b) ].
Five-item, four-item, and three-item Diary summary scores. The known groups approach was also used to compare summary scores of the Diary that included five-item (omitting 'Frequency of gas'), four-item (also omitting 'Stomach pain'), and three-item (also omitting 'Bloating') versions. Differences among severity groups defined by either approach were statistically significant at both weeks 1 and 4 of the treatment period for all three versions of the summary score [ Figures 3(a,b) ]. In addition, the mean values for all three versions of the Diary summary scores were greater in those groups identified as having more severe symptoms using the IBS PGI-S scores at weeks 1 and 4, and using the IBS PGI-C at week 1. The one exception was that, at week 4, mean values for all versions of the Diary journals.sagepub.com/home/tag 681 summary scores in the group identified using the IBS PGI-C as having 'Substantially, moderately, or slightly worse' symptoms were slightly less than those identified as having 'No change'.
Responsiveness. The ability of the instrument to detect changes over time was evaluated by comparing changes in Diary and Event Log scores among responder groups defined by changes in the IBS PGI-S and IBS PGI-C scores between run-in week 2 and treatment week 4.
IBS PGI-S. Patients were stratified into three groups: 'Improved', 'No change', and 'Worsened' based on two-grade or higher improvements, less than two-grade change, or two-grade or higher worsening. For each item of both the Diary and Event Log except 'Daily percentage completely emptied bowels', the pattern of mean changes in scores was consistent with their assignment to these responder groups based on the IBS PGI-S scores [ Figure 4(a) ]. Specifically, the greatest improvements in Diary and Event Log scores for each item were observed in those assigned to the 'Improved' group based on their IBS PGI-S scores. Betweengroup differences were significant for all Diary items and all Event Log items [ Figure 4 For responder groups defined using the IBS PGI-C, the three groups of 'Improved', 'No change', and 'Worsened' were based on responses of Five-item, four-item, and three-item Diary summary scores. These were also assessed using the responder groups defined by the IBS PGI-S or IBS PGI-C scores. For all three versions of the Diary summary score, the relative mean changes in the scores reflected their assignment to each responder group for both IBS PGI-S and IBS PGI-C [ Figure 5(a, b) ]. In the analyses using either IBS PGI-S or IBS PGI-C, betweengroups differences were significant for all three versions (p < 0.05, ANOVA), and within-group change from baseline was significant for the 'Improved' and 'No change' groups (p < 0.05, Student's t test). 
Preliminary estimation of clinically important changes
To define the level of change in scores that can be considered clinically important for the instrument, an anchor-based approach was employed using changes in the IBS PGI-S and IBS PGI-C between run-in week 2 and treatment week 4 as anchors.
For the IBS PGI-S, a one-grade reduction was defined as being a meaningful difference, whereas for the IBS PGI-C, patients who reported being 'Slightly improved' were considered to have experienced a clinically important change. Using these definitions, similar preliminary estimates of clinically important change were observed for all items on the Diary and Event Log (except 'Percentage of completely emptied bowels') and all three versions of the Diary summary score ( Table 3 ). The mean preliminary estimates of clinically important change ranged from -0.13 to -1.55 points (SD range 0.69-1.39), and the mean clinically important change for the average daily percentage of completely emptied bowels was 9.38 (SD 26.24) using IBS PGI-S as an anchor and 10.85 (SD 26.80) using the IBS PGI-C as an anchor.
Two distribution-based approaches were also used to estimate the clinically important change: 0.5 of a SD or the SEM as thresholds (see Methods). Again, similar clinically important change estimates were observed using either approach for all items on the Diary and Event Log (except 'Percentage of completely emptied bowels') and all three versions of the Diary summary score ( Table 3 ). The mean clinically important change estimates ranged from 0.35 to 0.77. The mean clinically important change for the average daily percentage of completely emptied bowels was 16.75 using the 0.5 SD threshold and 10.61 using the SEM threshold.
As a sensitivity analysis with regard to the IBS PGI-C, an anchor of 'moderately improved' was also analyzed as being clinically important ( Table 4 ). The mean preliminary estimates of clinically important change (except 'Percentage of completely emptied bowels') ranged from −0.62 to −2.32 (SD range 0.78-1.49). The mean clinically important change for the average daily percentage of completely emptied bowels was 21.39 (SD 30.86).
Discussion
The IBS-D Daily Symptom Diary and Event Log is an instrument, recently developed in line with the FDA guidance, which has the potential to address the need for assessment of the effects of therapies in clinical trials. The data presented here represent the first evidence of the psychometric properties in a clinical trial population that reflects the targeted context of use. Importantly, this represents the first evidence of the ability of the instrument scores to detect changes over time in an interventional study. To date, evaluation of the psychometric properties and concurrent validity of the instrument compared with other instruments, including the IBS Severity Scoring System 15 and the IBS Quality of Life Questionnaire has been performed using data from an observational study. 7 The findings reported here are highly consistent with those preliminary findings, but this time from a clinical trial population. First, both quality of completion and the floor and ceiling effects were similar to those seen in the original validation study. 8 The prespecified criteria for floor and ceiling effects were quite stringent in this observational setting for the purpose of psychometric testing. This is critical for a measure intended for use in a clinical trial in which changes over the course of treatment are primary or secondary endpoints. It is assumed that the clinical threshold for study inclusion in future studies will screen subjects at the floor from inclusion in the study.
Similarly, the test-retest reliability results reported here were consistent with previous results and were above the suggested threshold criteria (ICC ⩾ 0.70).
The instrument also demonstrated preliminary responsiveness to longitudinal change as evaluated using changes in the IBS PGI-S and IBS PGI-C scores. The results of those analyses provide strong evidence that the instrument is able to separate patients whose condition is 'improved' from those whose condition is unchanged or worsened. In contrast, the evidence in relation to separating the unchanged and worsened groups was mixed; often there was little numerical difference between those two groups. However, this is perhaps not surprising given the limited change observed, and may reflect the presence of a placebo effect.
Regarding quality of completion, no one item has notably higher missing data than any other item. This suggests that the missing data were random and did not reflect any problems with acceptability, relevance, or comprehension. Nevertheless, a study by Mujagic and colleagues reported that end-of-day diaries resulted in higher abdominal pain and flatulence scores compared with dayaverage scores in patients with IBS. 16 One of the major strengths of the IBS-D Symptom Diary and Event Log is that it provides rigorous assessment of all important symptoms of IBS-D. The aspects of IBS-D assessed by this instrument provide more specific information regarding a patient's condition or response to therapy compared with a single-item rating system such as the IBS PGI-C. Nevertheless, the ultimate usefulness of an instrument such as this involves a balance between comprehensiveness and feasibility/respondent burden; such issues are particularly important for instruments that are completed daily/per event, such as this one. On initial evaluation of psychometric validity, item level results for the 'Frequency of gas' item were relatively weak and suggested that this item may not be closely related to severity. Here, a five-item summary score omitting the 'Frequency of gas' item was evaluated and results from analyses with that version were equally strong, suggesting that this item may be dispensable. Given that the four-item and three-item summary scores for the Diary also provided remarkably similar results, there may be room to streamline the instrument further. In fact, a previous analysis suggests that 'Stomach pain', which was omitted from the four-item summary score, is a strong candidate for deletion as it is so strongly related to 'Abdominal pain'. 7 Astellas engaged a group of gastroenterology experts to understand the relevance and clinical applicability of the instrument. The panel was probed about bloating and its potential of being multidimensional. The panel stated that bloating was observed in clinics and seemed very important to patients from the clinical perspective; therefore, it was recommended not to delete the bloating item, but instead to keep it and utilize it as an exploratory endpoint. Another example is the three items associated with abdominal pain (abdominal cramps, pain, and pressure), which Astellas thought should be evaluated as a single score, and the experts concurred. Upon a complete review of the results, the experts were supportive of the relevance, clinical applicability of the instrument, and conceptual framework with regard to items included and their respective domains.
The results presented here provide evidence that the findings of the earlier psychometric evaluation can be replicated in a clinical trial population, thus supporting the instrument's use in that setting. Inter-item correlations showed a logical pattern of correlations that was consistent with that demonstrated in the observational study. 7 The instrument was again able to consistently distinguish among patients who differed in their self-rated severity levels based on other assessments, thus supporting its clinical validity. This provides evidence that the instrument is assessing symptoms of IBS-D that are salient and important to patients and, again, this is consistent with findings from the observational study. 7 The instrument also demonstrated preliminary responsiveness to longitudinal change as evaluated using changes in the IBS PGI-S and IBS PGI-C scores. Change scores and distribution-based analyses were also used to provide preliminary estimates of the level of changes in scores that can be considered clinically important and meaningful. Sensitivity analyses utilizing a higher level of improvement (i.e. 'Moderately improved' on the IBS PGI-C) demonstrated that mean change scores incrementally increased, which further demonstrates the instrument's ability to change in concert with other measures. Further, the sensitivity analyses force the discussion of what changes should be considered clinically meaningful and what changes are meaningful to the patient.
That is, what is seen as a lack of clinical improvement (i.e. a one-point change) may be an important improvement to the patient. Given that limited change was seen in this study, these initial estimates should be interpreted with caution.
The current analysis has some limitations. The lack of a well established 'gold-standard' assessment of IBS-D severity means that any anchorbased analyses to estimate minimal clinically important difference (MCID) have limitations and should be interpreted with caution. Moreover, the regulatory recommended primary endpoint and this instrument revealed no difference in the response rates between the investigational drug and placebo. Thus, caution should be applied in interpreting the responsiveness and anchor-based analyses given that they are based on a study with an unsuccessful intervention. Nevertheless, the analyses evaluating validity and reliability provide strong evidence that the psychometric properties established in an observational study are equally strong in the context of use of an interventional clinical trial.
In addition, the responder analyses need to be interpreted with caution as they are based on a study in which changes over time were limited. The appropriateness of the clinically important change values will ultimately be strengthened by replication of these analyses in a study that includes successful therapeutic intervention.
Despite those caveats, there is reason to be optimistic about the validity of the instrument since positive results of psychometric analyses are now documented in several distinct study populations. [5] [6] [7] Thus, this instrument may provide a useful tool to assess the efficacy of potential IBS-D therapies. Furthermore, it may prove useful in a clinical setting because it will provide clinicians with a means to more accurately assess changes in the status of IBS-D in patients and therefore enable improved treatment options.
In summary, this new instrument provides a valid and reliable assessment of IBS-D severity, as reported in the previous qualitative and psychometric papers. [5] [6] [7] The results of this interventional study provide further evidence that this instrument has potential for measuring the effect of treatment in clinical trials, in particular, when the desired effects are reported and known only to the patients. It is recommended that the anchor-based analyses performed to define MICD are further evaluated in a study that includes successful therapeutic intervention. Finally, the instrument may also prove useful in the real-world clinical setting, because it will provide clinicians with a means to more accurately assess changes in the status of IBS-D in patients and, therefore, provide valuable information to evaluate treatment options.
